Abstract: A decade after the global financial crisis, the developments in stock market integration have increased the stability and liquidity of markets, and decreased the diversification benefits for investors. International trade is an important determinant of stock market interdependence. The objective of this study is to analyze the co-movements and the portfolio diversification between the stock markets of Pakistan and its top trading partners, namely China, Indonesia, Malaysia, the United Kingdom, and the United States. We employed Dynamic Conditional Covariance (DCC)-Generalized Autoregressive Conditional Heteroscedasticity (GARCH) methodology with student t-distribution to examine time-varying correlation and volatilities of stock markets of Pakistan and its trading partners. We used Morgan Stanley capital international (MSCI) daily returns data of developed and emerging markets for the period 2005 to 2018. The results of the study highlighted that stock markets of Pakistan and its trading partners were closely integrated during the financial crisis of 2008, while the integration among stock markets decreased substantially after the period of financial crises. Furthermore, the results showed the slow decay process. Therefore, it is a positive sign for the Pakistani and international investors to diversify their portfolio among the stock markets of Pakistan and its trading partners.
Introduction
Trade and financial linkages are known to be important determinants of international stock market integration [1] [2] [3] . International stock markets have become more interconnected over time [4] . A high level of integration has reduced the benefits of portfolio diversification among developed markets, and therefore the investors moved their investments from developed to emerging markets [5] . The analysis of the degree of international stock market integration has attracted a great deal of interest. Various researchers have tested the integration between the markets using new techniques [6] . Still, the literature has a gap for new studies on the combination of developed and emerging markets with portfolio diversification benefits [7] . Trade plays a fundamental role in the linking of Pakistan with other countries. In this study, we selected the stock markets of the important trading partners of Pakistan. Interestingly, the top trade partners of Pakistan include both developed and emerging countries, which have a low integration among themselves, therefore such a portfolio can benefit portfolio investors.
The term "stock market integration" refers to an area of research in financial economics that covers many aspects of interrelationships between stock markets. Integration of financial markets is different levels of the relationship between international stock markets. These studies have focused on countries of different trade blocks or regional blocks.
The literature shows advantages as well as disadvantages of market integration. The integration of markets brings unification in the markets for investors; the market integration decreases the diversification benefits. Ferreira [24] states that market integration has a positive impact on the growth of the economy, and overall welfare is increased due to better allocation of household savings. Nonetheless, if capital inflows due to the integration are not properly allocated, market integration could cause financial instability and the growth is not achieved, and the risk of contagion is also increased due to market integration. Moreover, a common disadvantage found by researchers of stock market integration is that the increasing integration among the stock markets has decreased portfolio diversification benefits for investors, especially after the GFC [25, 26] .
The literature discloses that there are several determinants of international stock market integration. Some of the studies found trade linkage of countries as the most significant determinant of the mutual interdependence of stock markets [3, 9, 27, 28] . Conversely, studies conducted by Gupta and Guidi [5] and Elyasiani, et al. [29] stated that bilateral trade does not affect the stock market synchronization between countries. Due to the increasing trade relationships among countries, empirical studies have again attempted to investigate stock market long-run relationships between trading partner countries, but these studies are limited to a few countries.
There is an extensive literature available on stock market integration between different regional and international markets. We mainly focused on studies based on the trade relationship from different parts of the world. Paramati, et al. [30] studied the stock market relationship between Australia and its trading partners. They used cointegration, asymmetric dynamic conditional correlation-generalized autoregressive conditional heteroscedasticity (AGDCC-GARCH), and multivariate regression models. The study found strong cointegration and correlation between Australia and its trading partners' stock markets. Another study investigating the stock market relationship between China and Australia based on the trade linkages also found that trade relationship positively influences the stock market relationships between two countries. This study made use of ordinary least squire (OLS), dynamic OLS (DOLS), and fully modified OLS (FMOLS) models.
Moreover, Paramati, et al. [21] examined the relationship between the stock markets of Australia and its trading partners. To access the effect of trade intensity, they classified Australian trade partners into the major, medium, and minor trading partners. They examined the effect of each category of trading partner's trade intensity separately. Results of the study revealed that trade intensity has no effect in the long-run on the relationship between markets. Results also showed that Australian stock markets were more integrated to developed countries as compared to less developed countries. Furthermore, during the global financial crisis, the level of integration of Australia with its partners increased, and was highest during the GFC, compared to pre-and post-GFC.
Furthermore, Vo [31] investigated trade and financial integration among Asian countries. The bidirectional causality was found generally among the selected markets. Results revealed that trade and stock markets affect each other in Asian countries. Dhanaraj, et al. [32] found that the integration of macroeconomic variables in newly industrialized Asian countries does not cause integration of their stock markets. Results showed that an increase in bilateral trade intensity does not increase the stock market integration. They estimated forecast error variance decomposition (FEVD) using the vector autoregressive (VAR) model and the macroeconomic variables were regressed on FEVD using time series regression. In a detailed study conducted by Vithessonthi and Kumarasinghe [33] used stock market prices data from 15 countries for 28 year period concluded that financial development of a country supports the stock market integration, while bilateral trade integration of a country does not affect its stock market integration with other countries.
Thuy bich nguyen and huynh lam [34] considered the relationship between Vietnam and five Asian countries to access the stock market integration. This study found a positive effect of financial integration on the stock market integration. The study used fixed and random effects models. Abdul Karim and Shabri Abd. Majid [20] selected the major trading partners of Malaysia to analyze short-term dynamic relationships and connectedness of stock prices. They applied the Autoregressive Distributed Lag (ARDL) model using weekly stock prices for a period of 16 years. These stock markets were found to be integrated and a positive effect of bilateral trade was found by the study. Similarly, Abdul Karim and Abdul Karim [35] studied the integration of the Malaysian stock market with its trading partners by using Vector Error Correction Model (VECM) and Granger causality tests with weekly data. They supported the idea that stronger trade ties the stock market integration between the countries.
In the North American Free Trade Agreement (NAFTA) region, Daelemans, et al. [36] uniquely examined the effect of the free-trade agreement on the volatility of stock market returns and exchange rate fluctuations. The free-trade agreement had reduced the volatility of returns and increased the exchange rate fluctuations between the US and Canada. In the case of Mexico, both the volatility of returns and the exchange rate were high. In Latin America, [24] studied the stock market integration between Portugal and Brazil amid increasing trade and investment between them. The author used non-linear methodologies such as detrended fluctuation analysis (DFA), detrended cross-correlation analysis (DCCA), and detrended moving-average cross-correlation analysis (DMCA). This study found that the stock market integration between two economies increased over the period and the economic crisis decreased the stock market integration. Chiou [37] mentions in his study that investors from Latin American countries could benefit more from international diversification as compared to the investors of the other developed countries of the study during the study period. However, the diversification benefits decreased due to the global financial crisis and the increased integration among the selected markets also. Panda and Nanda [25] examined the connectedness among the stock markets of the Latin American countries. They found an increasing connectedness among the countries with the passage of time. The study further disclosed that the asymmetry among the highly integrated markets was relatively less than the markets with low integration.
In the above review of previous studies, we found that there is stock market integration in most cases. Bilateral trade has an impact on stock market integration in the case of developed countries such as Australia. In the case of emerging economies, integration among stock markets and the impact of trade intensity on the stock markets is lower. Few studies are found from the literature which analyzed the relationship between stock markets in the context of emerging and developed countries based on the trade relationships. Therefore, we expect that a low level of integration could be found in the case of emerging and developed countries thus creating an opportunity for the investors. A summary of important empirical studies of stock market integration is shown in Table 1 . The stronger the economic ties between the countries higher the stock market integration.
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ASEAN emerging markets are exposed to US shocks. Stock market interrelationship has increased over time which reduces the diversification benefits. 
Data and Methodology
The aim of this study is to investigate the correlation of stock market of Pakistan and its trading partner countries to access the diversification benefits. Stock return series are time-varying, both intraday and across days. In light of this fact, application of models assuming time-invariant conditional variances is inappropriate [44] .
Data
We selected the sample of 6 developed and emerging countries comprising of Pakistan, and its major trading partners namely China, Indonesia, Malaysia, US, and the UK. We collected the daily data of MSCI indices for these countries from DataStream database for the period from January 2005 to October 2018. The stock price indices are expressed in US dollars to avoid exchange rate fluctuations. We calculated the stock returns of these stock price indices and converted into natural log form for further analysis. The Logarithmic return series are calculated by using "first difference of the logarithm" function (dlog) in Eviews 10. The selected indices, symbols used for them, and their MSCI status are shown in Table 2 . 
Methodology
The analysis of volatility and correlation of assets have been the central point of discussion in portfolio management. The literature of stock market correlation shows that the methodologies applied vary with the available data and objective of the study. Studies on stock market integration used various Econometric tools like Correlation, VAR, VECM, Gangers causality, Impulse response, and GARCH model to study the relationship between different markets [43, 45] . However, the GARCH family models have been extensively used by the studies besides the other methods.
The introduction of ARCH model [46] paved the way to the development of Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model [47] . The univariate GARCH model assumes volatilities constant over the period among variables. It does not capture correlations among multiple time series [42, 48] . Linear correlation measures such as Pearson correlation gives an overall correlation and does not consider the dynamic correlation [26] . The constant conditional correlation (CCC)-GARCH [49] model, however, has removed the shortcomings of univariate GARCH model, yet it is not a realistic model as it also considers correlation constant which is in fact dynamic. Engle [22] developed a dynamic model base on the CCC model which considers the conditional correlation as time-varying. Presently various variants of the GARCH model are being used to study volatilities and correlation of the stock markets returns. For example, BEKK, and AGDCC models have been used to compare with other GARCH models [50] .
Besides the traditional time series models the multiscale correlation techniques of continuous wavelet transformation (CWT), Discrete wavelet transformation (DWT), and Maximum Overlap Discrete Wavelet Transform (MODWT) models have been used by recent studies. The Wavelet models have the ability to study the relationship between stock markets not only at different time horizons but also at frequency bands [51, 52] . Recently Sakti, et al. [53] used wavelet coherence along with DCC-GARCH model to study time-varying correlation. Jaffar, et al. [54] used DCC-GARCH, Markov switching, and MODWT to study the portfolio diversification benefits.
Dynamic Conditional Correlation (DCC) GARCH Model
We selected the DCC-GARCH model developed by Engle [22] to addresses the time-varying volatilities and correlational among the assets. This model is based on Gaussian distribution which might be inefficient for heavy-tailed distribution. Pesaran and Pesaran [55] used the DCC-GARCH model assuming multivariate t-distribution which is suitable for heavy-tailed data. We used the DCC-GARCH model with both the distributions following prior studies conducted by Najeeb, Bacha and Masih [42] , Jaffar, Dewandaru and Masih [54] , and Buriev, et al. [56] to answer the research questions of our study. The general equation of the DCC-GARCH model is given below:
where H t is conditional variance matrix, D t is a k x k diagonal matrix having conditional variance √ h it , on its diagonals, and R t is time-varying correlation matrix (off-diagonal elements). The conditional variance (h it ) for assets are estimated using univariate GARCH (X, Y) model as shown in Equation (2).
where, ω i , α ix , and β iy are non-negative and ∑
y=1 β iy < 1; α ix is the short-run persistence of the shocks to returns Y to long-run persistence (the GARCH effects), and the number of assets is denoted by k.
Furthermore, the residuals (ε t ) and the conditional standard deviations ( √ h it ) are obtained. The conditional standard deviation is expressed by diagonal matrix D t , which consists ( √ h it ) elements on its diagonals as shown in Equation (3).
The standardized residuals (σ it = ε it √ h it ) are further used for estimating time-varying (dynamic) correlation matrix R t [57] .
where Q * t is the diagonal matrix of its diagonal elements as given in Equation (5). Q t is a symmetric positive definitive conditional covariance matrix, Q t = q ij,t , and Q is unconditional covariance of the standardized residual of univariate GARCH model.
The conditional correlation ρ ij,t = q i,j,t √ q i,j,t q i,j,t can be expressed in typical correlation form by putting Q t = q ij,t as follows: and estimates model in two steps. We can estimate conditional correlation parameters using GARCH (1,1) model for conditional volatility σ 2 i,t−1 is given in Equation (8) which can be used in the correlation matrix to determine the conditional correlation.
where σ 2 t represents the unconditional variance of the asset returns. λ 1i , and λ 2i are volatility parameters specific for an asset. (1 − λ 1i − λ 2i ) shows the restriction to test if the volatility is mean reverting. If the term (1 − λ 1i − λ 2i ) is equal to zero in this case the model shows integrated GARCH (IGARCH) process.
Empirical Results

Descriptive Statistics
To obtain summarized information about the logarithmic returns of the MSCI indices of the selected countries, the summary statistics are presented in Table 3 . It is noted that the selected series have diversity in returns and volatility. The average return of the Indonesian stock market (0.0422) is the highest among the selected countries. The average return of the UK stock market is 0.097 which is the lowest return as compared to other countries. The standard deviation represents the risk or volatility of the returns in the stock markets. The standard deviation of the Chinese stock market returns is 1.6890, which is the highest; meanwhile the standard deviation of the Malaysian stock market returns (0.7494) is the lowest among the selected countries. As skewness of all the return series is negative, which is evidence for overall negative performance, and asymmetry in given return series, it relates with the findings of the study conducted by Arouri, et al. [58] . The kurtosis values represent the fatness of the tails of the distribution and distribution of data around the mean. All the kurtosis values are greater than 3 which show that data are not normally distributed [59, 60] . The Jarque-Bera test of normality rejects the null hypothesis of normality at 1% significance level. 
Dynamics of Daily Stock Prices and Returns
The time series graphs of the stock prices data show the changing mean and variance throughout the sample period of 2005-2018. All the indices showed a simultaneous decline around the year 2008 in response to the GFC. In the case of Pakistan, the graph shows stagnant period around the year 2008 which is due to the management's decision of temporarily fixing the floor of KSE for 110 days. After lifting the floor, the index dropped to the level of 4782 points. US and Indonesia trend observably higher than the other markets, which shows that markets do not follow the same trend. The dissimilarity in the trend shows a low level of correlation among the markets. The time series graphs are shown in Figure 1 . The graph of the return series is mean reverting with volatility clustering. The volatility is high around the year 2008, which was caused by the turbulent period of the financial crisis. The return volatility of Malaysia during the GFC is relatively low. Thus, results of preliminary tests make the DCC-GARCH model suitable for the study. The graphs of the return series are shown in Figure 2 . 
Stationarity and Residual Diagnostic Tests
We performed different preliminary tests to justify the usage of GARCH family models which include Augmented Dickey-Fuller (ADF) test, Ljung-Box Q-statistics, Lagrange multiplier (LM) test, and ARCH effect, results are shown in Table 4 . The results of the ADF tests of all the return series show the presence of unit root, which confirms that all the return series are stationary at level as well as at first difference. The normality graph shows that all the return series are not normally distributed. The residual diagnostic and the normality graphs for each series are given in appendix A.
The Ljung-Box Q-statistics show that there is autocorrelation/serial correlation is present in all the series. The null hypothesis of no autocorrelation is rejected at 1% significance level for all the series except for China and UK. For China and UK, the null hypothesizes of no autocorrelation are rejected at the 10 percent significance level. The results of the LM test also support the results of Qstatistics test. The ARCH test highlights that heteroscedasticity or ARCH effect is present in all the series. 
We performed different preliminary tests to justify the usage of GARCH family models which include Augmented Dickey-Fuller (ADF) test, Ljung-Box Q-statistics, Lagrange multiplier (LM) test, and ARCH effect, results are shown in Table 4 . The results of the ADF tests of all the return series show the presence of unit root, which confirms that all the return series are stationary at level as well as at first difference. The normality graph shows that all the return series are not normally distributed. The residual diagnostic and the normality graphs for each series are given in Appendix A.
The Ljung-Box Q-statistics show that there is autocorrelation/serial correlation is present in all the series. The null hypothesis of no autocorrelation is rejected at 1% significance level for all the series except for China and UK. For China and UK, the null hypothesizes of no autocorrelation are rejected at the 10 percent significance level. The results of the LM test also support the results of Q-statistics test. The ARCH test highlights that heteroscedasticity or ARCH effect is present in all the series. Table 5 presents the results of the correlation matrix of stock returns for selected countries. All the values are positive which shows that stock markets move in the same direction. However, the correlation among the stock returns is in the range from 0.022 to 0.577 which is below 0.80 showing low co-movements and absence of multicollinearity [15] . The correlation between Pakistan and US stock returns is the lowest, while the correlation between UK and US is the highest. It indicates that the correlation between developed countries is higher, while the correlation between emerging and developed countries is lower. Pearson correlation is an average correlation which does not show the variations in the correction over the period. We performed more detailed correlation with DCC-GARCH model. 
Correlation Matrix
DCC-GARCH Model
The time-varying volatilities and correlations are important to determine the portfolio diversification benefits among the markets [60] . We used two DCC-GARCH models with Gaussian and t-distribution to make a comparison based on the maximum likelihood values. Tables 6 and 7 show the maximum likelihood estimates of volatility decay parameters (λ 1 and λ 2 ) and as well as the correlation decay parameters (δ 1 and δ 2 ) of the t-DCC and Gaussian DCC models for MSCI indices return series. In both the models, the decay parameters are highly significant. The sum of the volatility decay parameters (λ 1 and λ 2 ) for each the series is less than 1 which shows that conditional volatilities are mean reverting with gradual decay of volatility. Thus, no evidence of Integrated GARCH (IGARCH) process is found. Similarly, the sum of correlation decay parameters (δ 1 and δ 2 ) is also slightly less than 1 for all the returns which shows that conditional correlations are also mean reverting and the system will slowly return to the normality [54] . The RiskMetrics recommends a standard range of 0.95 to 0.97 for decay parameters [61] . This situation is favorable for investors to invest in a portfolio comprising of Pakistan and its trading partners, as shocks will be decayed slowly. Therefore, there are fewer chances for loss of investors abruptly.
The comparison of both models shows that the maximized log-likelihood value of the t-DCC model is higher than Gaussian DCC model. Further degrees of freedom for the t-DCC model are below 30 which show that t-DCC model is superior to the Gaussian model. Therefore t-DCC model is considered a suitable model for a distribution having high kurtosis (heavy-tailed) values [42, 53, 56, 60] . Henceforth, we follow the results of the t-DCC model. 
The Unconditional Volatility and Correlations
The unconditional volatilities and correlations estimated using t-DCC model describe the possible portfolio diversification benefits among the stock markets of Pakistan, China, Indonesia, Malaysia, US, and the UK. The diagonal elements of the covariance matrix represent the unconditional volatilities. We found that value of unconditional volatility in all the markets is near to 1 which is considered to be the high volatility in returns [56, 60] . Table 8 reports the values for unconditional volatility ranking in which China shows the highest unconditional volatility, while Malaysia shows the lowest unconditional volatility, which indicates the stability in the Malaysian stock market. Pakistan and UK stock markets show moderate volatility as compared to other countries. Other than the results of these countries, the results do not show any remarkable difference of volatilities between developed and emerging markets. Table 9 shows the unconditional correlation of the market pairs which describe the co-movements between the markets. We focused only on the correlation of Pakistani stock market with stock markets of its trading partners. The conditional correlation of the pairs MSCI index returns of Pakistan with all the markets is very low. The results highlight that Pakistan has the highest correlation with Malaysia (0.146) and has the lowest conditional correlation with the US (0.020). It can be inferred that the changes in emerging markets such as Malaysia will affect more to the Pakistani stock market than Sustainability 2019, 11, 303 14 of 23 changes in any developed market such as the US. The low level of correlation is considered to be good for portfolio diversification. Thus, for investors, it is a feasible set of markets for portfolio investment. correlation with Malaysia (0.146) and has the lowest conditional correlation with the US (0.020). It can be inferred that the changes in emerging markets such as Malaysia will affect more to the Pakistani stock market than changes in any developed market such as the US. The low level of correlation is considered to be good for portfolio diversification. Thus, for investors, it is a feasible set of markets for portfolio investment. 
Conclusions
After the global financial crisis of 2008-2009, the scenario of global markets has changed enormously. Due to the integration of global markets, the diversification benefits have become less. It is noted that financial shocks arising in one of the developed countries spread more quickly to other developed markets due to the integration among the developed markets. Diversifying the investments only among the developed countries is considered risky. However, due to the increasing integration among developed countries, investors are keen to invest in the emerging markets. Therefore, diversifying the investments in the combination of developed and emerging markets is desirable.
This study finds a useful combination of emerging and developed stock markets for formation of a portfolio. We applied the DCC-GARCH model on the MSCI indices of Pakistan and its top trading partners, namely China, Indonesia, Malaysia, US, and the UK. The selected model is suitable to study time-varying relationships between stock markets form small to a large number of parameters. This model captures the volatility and correlation at every period of the time, which helps to find out the news behind the shock. The descriptive statistics show that average volatility (risk) is low in all the selected indices. All the series show non-normal distributions having fat tails.
We compared results by employing Gaussian and t-distribution models following studies which adopted a modified DCC-GARCH model [55] . The results showed that the t-distribution is better fitted for the high kurtosis data. The model reported conditional as well as unconditional volatilities and correlation for the selected sample. The results of conditional volatilities and correlations confirmed the results of unconditional volatilities and correlations. We found higher fluctuations during the GFC. After the GFC, the fluctuations were small, which indicates the stability throughout the rest of the period. The decay factors of volatility and correlation show mean reverting slow decay 
We compared results by employing Gaussian and t-distribution models following studies which adopted a modified DCC-GARCH model [55] . The results showed that the t-distribution is better fitted for the high kurtosis data. The model reported conditional as well as unconditional volatilities and correlation for the selected sample. The results of conditional volatilities and correlations confirmed the results of unconditional volatilities and correlations. We found higher fluctuations during the GFC. After the GFC, the fluctuations were small, which indicates the stability throughout the rest of the period. The decay factors of volatility and correlation show mean reverting slow decay process as the sum of volatility and correlation decay parameters is near to unity. The graph of the values of conditional correlation shows less correlation between the market pairs. We found low values of volatility and correlations for Pakistan and its trading partners.
There seems to be a good opportunity for investors and portfolio managers to invest in the given set of markets with low correlation among them. The conditional correction of Pakistan with its large trading partners seems low, while it is higher with small trading partners, where further studies to determine the relationship of bilateral trade to stock market co-movements is required. The findings of this study also have insight for policymakers regarding the flow of investment in these countries and integration with these countries.
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